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ecule goes away from the array substrate in a direction to the
left when viewed from a position facing a display surface of
a liquid crystal panel. The pretilt angle on the side of a
counter substrate is formed such that the liquid crystal
molecule goes away from the counter substrate in a direction
to the right when viewed from a position facing the display
surface. The directions to the left and the right define a
direction X corresponding to a horizontal direction of the
liquid crystal panel. A direction of a delay phase axis of a
biaxial phase difference film is arranged in a position rotated
anticlockwise in an angular range from over 0° to 1° from
the direction X.
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LIQUID CRYSTAL PANEL, LIQUID
CRYSTAL DISPLAY DEVICE INCLUDING
LIQUID CRYSTAL PANEL, AND METHOD
OF MANUFACTURING LIQUID CRYSTAL

PANEL

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a liquid crystal panel, a
liquid crystal display device including the liquid crystal
panel, and a method of manufacturing the liquid crystal
panel.

Description of the Background Art

A liquid crystal display device is used for example as a
display device of a car navigation system to be installed on
a vehicle, for example. The liquid crystal display device
installed on a vehicle is viewed from a driver’s seat or a front
passenger’s seat, so that it is inevitably viewed from above.
Thus, regarding the liquid crystal display device to be
installed on a vehicle, adjusting a viewing angle range is
required so as to optimize optical characteristics such as
contrast characteristics when the liquid crystal display
device is viewed from above.

A technique of adjusting a viewing angle of a liquid
crystal display device in a range preferable for a device to be
installed on a vehicle is disclosed in Japanese Patent Appli-
cation Laid-Open Nos. 4-338732 (1992), 2003-87688, and
2007-47204, for example.

Japanese Patent Application Laid-Open No. 4-338732
(1992) discloses a twisted nematic (abbreviated as TN)
liquid crystal display element characterized in that a twist
angle of a liquid crystal is set from 70° to 88°, a phase
difference (retardation) of a liquid crystal cell is set from
0.30 to 0.38 um, and an angle of an alignment direction of
the liquid crystal relative to a polarization axis of a polar-
izing plate is set from 0° to 10° or from 90° to 100°.

Japanese Patent Application Laid-Open No. 2003-87688
discloses setting brightness or contrast to vary by about 20
dB (ten times) or less in each of a range from the center to
the right to an angle of about 40° and a range from the center
to the left to an angle of about 40° with the intention of
optimizing visibility from a driver’s seat and a front pas-
senger’s seat with a liquid crystal display device arranged in
the center of the front side of the inside of a vehicle.
Japanese Patent Application Laid-Open No. 2003-87688
also discloses setting brightness or contrast to be reduced by
about —20 dB or more in each of a range from the center to
the right to an angle of about 40° or more and a range from
the center to the left to an angle of about 40° or more with
the intention of preventing reflection of a displayed image in
right front door glass and left front door glass.

Japanese Patent Application Laid-Open No. 2007-47204
discloses a liquid crystal display device with a polarizing
reflection plate arranged between a backlight unit and an
array substrate. The polarizing reflection plate includes an
isotropic medium layer made of an isotropic medium and an
anisotropic medium layer stacked on the isotropic medium
layer and having refractive index anisotropy. The anisotropic
medium layer is made of an optically uniaxial medium. An
average direction of the optical axis of the anisotropic
medium layer is tilted from a direction of a normal to the
polarizing reflection plate and a plane direction of the
polarizing reflection plate.
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As described above, the techniques of Japanese Patent
Application Laid-Open Nos. 4-338732 (1992) and 2003-
87688 are to optimize a viewing angle range of a liquid
crystal display device in two directions, a direction to the
right and a direction to the left. The technique of Japanese
Patent Application Laid-Open No. 2007-47204 is to filter
display light to be emitted upward with the intention of
preventing reflection of the light in an upward direction and
a downward direction of the liquid crystal display device,
particularly reflection of the light in a windshield.

A liquid crystal display device to be installed on a vehicle
is required to achieve a high level both in reducing power
consumption in consideration of installation on an electric
vehicle and making high-quality display with excellent
brightness and contrast characteristics. This brings about an
increasing need to optimize visibility in a direction slightly
above a direction toward the front of a liquid crystal panel,
particularly visibility at a viewing angle of about 20° that is
to be satisfied at the expense of degradation of visibility for
example from a lower side not used as an actual viewing
position inside a vehicle. Thus, the techniques disclosed in
Japanese Patent Application Laid-Open Nos. 4-338732
(1992), 2003-87688, and 2007-47204 leave room for
improvement.

Like the techniques disclosed in Japanese Patent Appli-
cation Laid-Open Nos. 2003-87688 and 2007-47204, simply
adding an optical component such as a polarizing plate or a
wave plate to a liquid crystal panel for filtering or changing
an optical path brings about the following problems.

As an example, adding an optical component to cause
filtering action brings about the problem of reduction in
efficiency of use of light. Adding an optical component not
to cause filtering action does not bring about the problem of
reduction in efficiency of use of light but it brings about the
problem of cost increase.

According to a method of compensating for a viewing
angle using a phase difference film as a wave plate, failing
to make a delay phase axis of the phase difference film as
designed due to manufacturing variations or the like results
in a deviation from intended optical compensation. This
brings about a problem such as a large deviation of a viewing
angle from a range preferable for a liquid crystal display
device to be installed on a vehicle.

A liquid crystal display device of a fringe field switching
(FFS) system as one of the systems of liquid crystal display
devices achieves relatively high efficiency of use of light and
a relatively wide viewing angle range. Thus, the FFS liquid
crystal display device has been installed in more vehicles.
The FFS liquid crystal display device of a conventional
technique inherently provides a wide viewing angle range.
Thus, a viewing angle has not been optimized by being
adjusted finely in a range preferable for a liquid crystal
display device to be installed on a vehicle.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a liquid
crystal panel, a liquid crystal display device including the
liquid crystal panel, and a method of manufacturing the
liquid crystal panel capable of achieving preferable viewing
angle characteristics when the liquid crystal panel is viewed
from a driver’s seat or a front passenger’s seat of a vehicle
even in the presence of manufacturing variations.

A liquid crystal panel of the present invention includes an
array substrate, a counter substrate arranged to face the array
substrate, and a liquid crystal layer interposed between the
array substrate and the counter substrate. The array substrate
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includes multiple switching elements arranged in a matrix,
a pixel electrode connected to the switching elements, and a
counter electrode capable of forming a fringe electric field
between the counter electrode and the pixel electrode. The
switching elements, the pixel electrode, and the counter
electrode are provided on an insulating substrate.

One of the pixel electrode and the counter electrode is
formed as a slit electrode having a slit portion and the other
of the pixel electrode and the counter electrode is stacked
over the slit electrode at the insulating substrate side with
respect to the slit electrode with an insulating film interposed
therebetween.

The array substrate includes a biaxial phase difference
film and an array substrate polarizing plate arranged in this
order on a surface of the insulating substrate opposite a side
thereof facing the liquid crystal layer.

The counter substrate includes a counter substrate polar-
izing plate arranged on a side of the counter substrate
opposite a side thereof facing the liquid crystal layer.

The slit portion of the slit electrode extends in a direction
forming an angle exceeding 0° and not exceeding 15°
relative to a horizontal direction of the liquid crystal panel
in use.

A pretilt angle of a liquid crystal molecule forming the
liquid crystal layer on the side of the array substrate is
formed such that the liquid crystal molecule goes away from
the array substrate in a direction to the left when viewed
from a position facing a display surface of the liquid crystal
panel. The direction to the left defines the horizontal direc-
tion. The pretilt angle of the liquid crystal molecule on the
side of the counter substrate is formed such that the liquid
crystal molecule goes away from the counter substrate in a
direction to the right when viewed from a position facing the
display surface of the liquid crystal panel. The direction to
the right defines the horizontal direction.

One of a direction of a delay phase axis of the biaxial
phase difference film and a direction of an absorption axis of
the array substrate polarizing plate is arranged in a position
rotated anticlockwise in an angular range from over 0° to 1°
from the horizontal direction. Alternatively, one of a direc-
tion of an absorption axis of the counter substrate polarizing
plate and an alignment direction of the liquid crystal mol-
ecule is arranged in a position rotated clockwise in an
angular range from over 0° to 1° from the horizontal
direction.

The liquid crystal panel of the present invention is capable
of achieving excellent visibility of the liquid crystal panel
when the display surface of the liquid crystal panel is viewed
from above. Further, degradation of visibility can be sup-
pressed that is to occur in the presence of manufacturing
variations in any of the delay phase axis of the biaxial phase
difference film, the respective absorption axes of the array
substrate polarizing plate and the counter substrate polariz-
ing plate, and the alignment direction of the liquid crystal
molecule. As a result, the resultant liquid crystal panel is
capable of achieving preferable viewing angle characteris-
tics when the liquid crystal panel is viewed from a driver’s
seat or a front passenger’s seat of a vehicle even in the
presence of manufacturing variations.

A liquid crystal panel of the present invention includes an
array substrate, a counter substrate arranged to face the array
substrate, and a liquid crystal layer interposed between the
array substrate and the counter substrate. The array substrate
includes multiple switching elements arranged in a matrix,
a pixel electrode connected to the switching elements, and a
counter electrode capable of forming a fringe electric field
between the counter electrode and the pixel electrode. The
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switching elements, the pixel electrode, and the counter
electrode are provided on an insulating substrate.

One of the pixel electrode and the counter electrode is
formed as a slit electrode having a slit portion and the other
of the pixel electrode and the counter electrode is stacked
over the slit electrode at the insulating substrate side with
respect to the slit electrode with an insulating film interposed
therebetween.

The array substrate includes a biaxial phase difference
film and an array substrate polarizing plate arranged in this
order on a surface of the insulating substrate opposite a side
thereof facing the liquid crystal layer.

The counter substrate includes a counter substrate polar-
izing plate arranged on a side of the counter substrate
opposite a side thereof facing the liquid crystal layer.

The slit portion of the slit electrode extends in a direction
forming an angle exceeding 0° and not exceeding 15°
relative to a horizontal direction of the liquid crystal panel
in use.

A pretilt angle of a liquid crystal molecule forming the
liquid crystal layer on the side of the array substrate is
formed such that the liquid crystal molecule goes away from
the array substrate in a direction to the right when viewed
from a position facing a display surface of the liquid crystal
panel. The direction to the right defines the horizontal
direction. The pretilt angle of the liquid crystal molecule on
the side of the counter substrate is formed such that the
liquid crystal molecule goes away from the counter substrate
in a direction to the left when viewed from a position facing
the display surface of the liquid crystal panel. The direction
to the left defines the horizontal direction.

One of a direction of a delay phase axis of the biaxial
phase difference film and a direction of an absorption axis of
the array substrate polarizing plate is arranged in a position
rotated clockwise in an angular range from over 0° to 1°
from the horizontal direction. Alternatively, one of a direc-
tion of an absorption axis of the counter substrate polarizing
plate and an alignment direction of the liquid crystal mol-
ecule is arranged in a position rotated anticlockwise in an
angular range from over 0° to 1° from the horizontal
direction.

The liquid crystal panel of the present invention is capable
of achieving excellent visibility of the liquid crystal panel
when the display surface of the liquid crystal panel is viewed
from above. Further, degradation of visibility can be sup-
pressed that is to occur in the presence of manufacturing
variations in any of the delay phase axis of the biaxial phase
difference film, the respective absorption axes of the array
substrate polarizing plate and the counter substrate polariz-
ing plate, and the alignment direction of the liquid crystal
molecule. As a result, the resultant liquid crystal panel is
capable of achieving preferable viewing angle characteris-
tics when the liquid crystal panel is viewed from a driver’s
seat or a front passenger’s seat of a vehicle even in the
presence of manufacturing variations.

A liquid crystal display device of the present invention
includes the liquid crystal panel and an illumination unit to
illuminate the liquid crystal panel.

The liquid crystal display device of the present invention
is capable of achieving preferable viewing angle character-
istics when the liquid crystal display device is viewed from
a driver’s seat or a front passenger’s seat of a vehicle even
in the presence of manufacturing variations in the liquid
crystal panel.

A method of manufacturing a liquid crystal panel of the
present invention is to manufacture a liquid crystal panel
including an array substrate, a counter substrate arranged to
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face the array substrate, and a liquid crystal layer interposed
between the array substrate and the counter substrate. The
array substrate includes multiple switching elements
arranged in a matrix, a pixel electrode connected to the
switching elements, and a counter eclectrode capable of
forming a fringe electric field between the counter electrode
and the pixel electrode. The switching elements, the pixel
electrode, and the counter electrode are provided on an
insulating substrate.

The method includes the following steps.

A step of forming one of the pixel electrode and the
counter electrode as a slit electrode having a slit portion and
stacking the other of the pixel electrode and the counter
electrode over the slit electrode at the insulating substrate
side with respect to the slit electrode interposing an insu-
lating film therebetween.

A step of providing a biaxial phase difference film and an
array substrate polarizing plate in this order on a surface of
the insulating substrate of the array substrate opposite a side
thereof facing the liquid crystal layer.

A step of providing a counter substrate polarizing plate on
a side of the counter substrate opposite a side thereof facing
the liquid crystal layer.

A step of forming the slit electrode such that the slit
portion extends in a direction forming an angle exceeding 0°
and not exceeding 15° relative to a horizontal direction of
the liquid crystal panel in use.

A step of setting a pretilt angle of a liquid crystal molecule
forming the liquid crystal layer on the side of the array
substrate such that the liquid crystal molecule goes away
from the array substrate in a direction to the left when
viewed from a position facing a display surface of the liquid
crystal panel, the direction to the left defining the horizontal
direction, and setting the pretilt angle of the liquid crystal
molecule on the side of the counter substrate such that the
liquid crystal molecule goes away from the counter substrate
in a direction to the right when viewed from a position
facing the display surface of the liquid crystal panel, the
direction to the right defining the horizontal direction.

A step of arranging one of a direction of a delay phase axis
of the biaxial phase difference film and a direction of an
absorption axis of the array substrate polarizing plate in a
position rotated anticlockwise in an angular range from over
0° to 1° from the horizontal direction or arranging one of a
direction of an absorption axis of the counter substrate
polarizing plate and an alignment direction of the liquid
crystal molecule in a position rotated clockwise in an
angular range from over 0° to 1° from the horizontal
direction.

The method of manufacturing a liquid crystal panel of the
present invention provides a liquid crystal panel capable of
achieving preferable viewing angle characteristics when the
liquid crystal panel is viewed from a driver’s seat or a front
passenger’s seat of a vehicle even in the presence of manu-
facturing variations.

A method of manufacturing a liquid crystal panel of the
present invention is to manufacture a liquid crystal panel
including an array substrate, a counter substrate arranged to
face the array substrate, and a liquid crystal layer interposed
between the array substrate and the counter substrate. The
array substrate includes multiple switching elements
arranged in a matrix, a pixel electrode connected to the
switching elements, and a counter eclectrode capable of
forming a fringe electric field between the counter electrode
and the pixel electrode. The switching elements, the pixel
electrode, and the counter electrode are provided on an
insulating substrate.
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The method includes the following steps.

A step of forming one of the pixel electrode and the
counter electrode as a slit electrode having a slit portion and
stacking the other of the pixel electrode and the counter
electrode over the slit electrode at the insulating substrate
side with respect to the slit electrode interposing an insu-
lating film therebetween.

A step of providing a biaxial phase difference film and an
array substrate polarizing plate in this order on a surface of
the insulating substrate of the array substrate opposite a side
thereof facing the liquid crystal layer.

A step of providing a counter substrate polarizing plate on
a side of the counter substrate opposite a side thereof facing
the liquid crystal layer.

A step of forming the slit electrode such that the slit
portion extends in a direction forming an angle exceeding 0°
and not exceeding 15° relative to a horizontal direction of
the liquid crystal panel in use.

A step of setting a pretilt angle of a liquid crystal molecule
forming the liquid crystal layer on the side of the array
substrate such that the liquid crystal molecule goes away
from the array substrate in a direction to the right when
viewed from a position facing a display surface of the liquid
crystal panel, the direction to the right defining the horizon-
tal direction, and setting the pretilt angle of the liquid crystal
molecule on the side of the counter substrate such that the
liquid crystal molecule goes away from the counter substrate
in a direction to the left when viewed from a position facing
the display surface of the liquid crystal panel, the direction
to the left defining the horizontal direction.

A step of arranging one of a direction of a delay phase axis
of the biaxial phase difference film and a direction of an
absorption axis of the array substrate polarizing plate in a
position rotated clockwise in an angular range from over 0°
to 1° from the horizontal direction or arranging one of a
direction of an absorption axis of the counter substrate
polarizing plate and an alignment direction of the liquid
crystal molecule in a position rotated anticlockwise in an
angular range from over 0° to 1° from the horizontal
direction.

The method of manufacturing a liquid crystal panel of the
present invention provides a liquid crystal panel capable of
achieving preferable viewing angle characteristics when the
liquid crystal panel is viewed from a driver’s seat or a front
passenger’s seat of a vehicle even in the presence of manu-
facturing variations.

These and other objects, features, aspects and advantages
of'the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing the structure of a liquid
crystal panel 1 provided in a liquid crystal display device
according to a first preferred embodiment of the present
invention;

FIG. 2 is a sectional view of the liquid crystal panel 1 as
viewed from a cutting plane line II-II of FIG. 1;

FIG. 3 shows an example of arrangement of optical
components of a liquid crystal panel according to a prereq-
uisite technique;

FIG. 4 is a plan view showing an example of the position
of an array substrate 10 and that of a liquid crystal molecule
41 relative to each other in the first preferred embodiment of
the present invention;
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FIG. 5 shows an example of arrangement of optical
components of the liquid crystal panel 1 according to the
first preferred embodiment of the present invention;

FIG. 6 explains a polar angle 03;

FIG. 7 is a graph showing a relationship between an angle
02 of a delay phase axis 53 of a biaxial phase difference film
32¢ to a direction X and a contrast value determined in a
direction of the polar angle 63 at an azimuth of 90°;

FIG. 8 shows an example of arrangement of optical
components of a liquid crystal panel according to a second
preferred embodiment of the present invention;

FIG. 9 is a graph showing a relationship between an angle
04 of an alignment axis 52 of the liquid crystal molecule 41
to the direction X and a contrast value determined in a
direction of the polar angle 63 at an azimuth of 90°;

FIG. 10 shows an example of arrangement of optical
components of a liquid crystal panel according to a third
preferred embodiment of the present invention; and

FIG. 11 is a graph showing a relationship between an
angle 05 of an absorption axis 51 of a counter substrate
polarizing plate 32a to the direction X and a contrast value
determined in a direction of the polar angle 63 at an azimuth
of 90°.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

FIG. 1 is a plan view showing the structure of a liquid
crystal panel 1 provided in a liquid crystal display device
according to a first preferred embodiment of the present
invention. FIG. 2 is a sectional view of the liquid crystal
panel 1 as viewed from a cutting plane line II-11 of FIG. 1.

The liquid crystal panel 1 shown as an example in FIGS.
1 and 2 adopts an in-plane system operated by using a thin
film transistor (abbreviated as TFT) as a switching element.
The liquid crystal panel 1 is more specifically a liquid crystal
panel adopting a fringe field switching (FFS) system.

As shown in FIGS. 1 and 2, the liquid crystal panel 1
includes a TFT array substrate (simply called an “array
substrate” in some cases) 10, a color filter substrate 20, and
a seal material 30.

Both the array substrate 10 and the color filter substrate 20
are quadrilateral, more specifically rectangular in outer
shape. In the first preferred embodiment, the outer shape of
the array substrate 10 is larger than that of the color filter
substrate 20. The array substrate 10 has a protrusion pro-
truding from an end surface of the outer circumference of the
color filter substrate 20. The array substrate 10 is superposed
over the color filter substrate 20. The array substrate 10 and
the color filter substrate 20 are superposed such that one of
the short sides of the array substrate 10 and that of the color
filter substrate 20 are aligned with each other, one of the long
sides of the array substrate 10 and that of the color filter
substrate 20 are aligned with each other, and one of the
corners of the array substrate 10 and that of the color filter
substrate 20 are aligned with each other.

In the below, a direction of the long sides of the array
substrate 10 and that of the long sides of the color filter
substrate 20 are called a direction X. A direction of the short
sides of the array substrate 10 and that of the short sides of
the color filter substrate 20 are called a direction Y. The
directions X and Y are perpendicular to each other. In FIG.
1, the direction X includes a direction to the right and a
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direction to the left in the plane of the sheet. The direction
Y includes an upward direction and a downward direction in
the plane of the sheet.

One of the directions defining the direction X is called a
direction X1 and the other direction is called a direction X2.
One of the directions defining the direction Y is called a
direction Y1 and the other direction is called a direction Y2.
The direction X1 mentioned herein is a direction from the
right toward the left in the plane of the sheet of FIG. 1. The
direction X2 mentioned herein is a direction from the left
toward the right in the plane of the sheet of FIG. 1. The
direction Y1 mentioned herein is an upward direction in the
plane of the sheet of FIG. 1. The direction Y2 mentioned
herein is a downward direction in the plane of the sheet of
FIG. 1. In terms of the time on a clock, each direction of
FIG. 1 is expressed as follows: the direction X1 is at the 9
o’clock position, the direction X2 is at the 3 o’clock posi-
tion, the direction Y1 is at the 0 o’clock position, and the
direction Y2 is at the 6 o’clock position.

The array substrate 10 includes TFTs 14 as switching
elements arranged in a matrix. The color filter substrate 20
is a counter substrate aligned so as to face the array substrate
10. The color filter substrate 20 has a display region S2
where images are to be displayed. The seal material 30 is
arranged so as to surround a region corresponding to the
display region S2. The seal material 30 hermetically closes
a gap between the color filter substrate 20 and the array
substrate 10.

A large number of columnar spacers not shown in the
drawings are arranged in the display region S2 between the
array substrate 10 and the color filter substrate 20. The
columnar spacers form and maintain the gap of a constant
distance between the array substrate 10 and the color filter
substrate 20.

The gap between the color filter substrate 20 and the array
substrate 10 hermetically closed by the seal material 30 and
maintained by the columnar spacers includes a region which
corresponds at least to the display region S2 and in which a
liquid crystal layer 40 is interposed. The seal material 30 is
arranged in a frame region S1 external to the region corre-
sponding to the display region S2.

The “display region S2” mentioned herein is a region to
be used for display extending over the array substrate 10,
extending over the color filter substrate 20, or interposed
between the array substrate 10 and the color filter substrate
20 of the liquid crystal panel 1.

The “frame region S1” is a region of a configuration like
a frame external to the display region S2 and surrounding the
display region S2. The frame region S1 extends over the
array substrate 10, extends over the color filter substrate 20,
or is interposed between the substrates 10 and 20 of the
liquid crystal panel 1. In the first preferred embodiment, the
frame region S1 is a residual region determined by subtract-
ing the display region S2 from the entire region over the
array substrate 10, over the color filter substrate 20, or
interposed between the substrates 10 and 20 of the liquid
crystal panel 1.

The color filter substrate 20 includes a glass substrate 21
as a first transparent substrate, an alignment film 224 for
alignment of a liquid crystal, color filters 24 in a colorant
layer, a light shielding layer 25, and an overcoat layer 26.

The alignment film 225 is provided in a region corre-
sponding to the display region S2 and extending over one of
surfaces of the glass substrate 21 in the thickness direction
thereof. The color filters 24, the light shielding layer 25, and
the overcoat layer 26 are provided between the alignment
film 2254 and the glass substrate 21. The light shielding layer
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25 is provided to shield space between the color filters 24
from light or to shield the frame region S1 arranged exter-
nally to a region corresponding to the display region S2 from
light. The overcoat layer 26 is provided so as to cover the
color filters 24 and the light shielding layer 25.

The color filters 24 are formed of colorant layers con-
taining a pigment dispersed in resin, for example. The color
filters 24 function as filters to selectively let light pass
through that may be red, green, or blue light in a particular
wavelength range. The color filters 24 are formed of the
colorant layers of these colors arranged regularly.

The light shielding layer 25 is made of a metallic material
using chrome oxide or the like or a resin-based material
containing black particles dispersed in resin, for example. In
the first preferred embodiment, as shown in FIG. 2, the
overcoat layer 26 formed of a transparent resin film is
provided at a shorter distance to the glass substrate 21 than
the alignment film 225. The overcoat layer 26 is provided so
as to cover and flatten the color filters 24 and the light
shielding layer 25.

The color filter substrate 20 includes an antistatic trans-
parent conductive layer 31 provided on the other of the
surfaces of the glass substrate 21 in the thickness direction
thereof. The antistatic transparent conductive layer 31 is
ground-connected. The antistatic transparent conductive
layer 31 is provided so as to cover the glass substrate 21 at
least in the display region S2. In the liquid crystal panel 1 of
an in-plane system of the first preferred embodiment, the
antistatic transparent conductive layer 31 is provided to
effectively prevent a display failure due to an electrostati-
cally charged state and application of an external electric
field.

The array substrate 10 includes a glass substrate 11 as a
second transparent substrate, an alignment film 22a for
alignment of a liquid crystal, a pixel electrode 12, a counter
electrode 13, the TFTs 14, an insulating film 15, multiple
gate lines 16 and multiple source lines 17, and gate elec-
trodes, source electrodes, and drain electrodes not shown in
the drawings.

The alignment film 22a is provided on a surface of the
glass substrate 11 facing the color filter substrate 20 and in
a region corresponding to the display region S2. The pixel
electrode 12 and the counter electrode 13 are each provided
at a shorter distance to the glass substrate 11 than the
alignment film 22a. The pixel electrode 12 and the counter
electrode 13 form an electrode pair to generate an electric
field in a direction parallel to a substrate surface of the array
substrate 10 or the color filter substrate 20, thereby gener-
ating a voltage to drive a liquid crystal.

The TFTs 14 are switching elements to write a voltage to
the pixel electrode 12 as one of the electrode pair. The TFTs
14 are connected to the pixel electrode 12 and apply a
voltage to the pixel electrode 12. The TFTs 14 are covered
with the insulating film 15.

The gate lines 16 and the source lines 17 are to supply
signals to the TFTs 14. The gate lines 16 are connected to the
gate electrodes of the TFTs 14. The source lines 17 are
connected to the source electrodes or gate electrodes of the
TFTs 14.

In the first preferred embodiment, the pixel electrode 12
and the counter electrode 13 forming the electrode pair to
apply a voltage to drive a liquid crystal are configured as
follows. The pixel electrode 12 as one of the electrode pair
is formed of a transparent conductive film pattern of a flat
plate configuration. The counter electrode 13 as the other of
the electrode pair is formed of a transparent conductive film
pattern of a comb-like configuration or a transparent con-
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ductive film pattern with multiple opening portions like slits
arranged in parallel. The counter electrode 13 is superposed
over the pixel electrode 12 while an insulating layer is held
between the counter electrode 13 and the pixel electrode 12.

In the below, an electrode like the counter electrode 13
formed of a transparent conductive film pattern of a comb-
like configuration or a transparent conductive film pattern
with multiple opening portions like slits arranged in parallel
is called a “slit electrode” in some cases. An electrode
portion of the transparent conductive film pattern of a
comb-like configuration and the multiple opening portions
like slits of the transparent conductive film pattern with
these opening portions like slits are called a “slit portion™ in
some cases.

The respective configurations of the pixel electrode 12
and the counter electrode 13 are not limited to those
described above. As an example, the respective configura-
tions of the pixel electrode 12 and the counter electrode 13
and the arrangement of the pixel electrode 12 and the
counter electrode 13 in terms of their positions in a vertical
direction may be reversed from those of the first preferred
embodiment.

In this case, the pixel electrode 12 is formed as a slit
electrode. More specifically, the pixel electrode 12 is formed
of a transparent conductive film pattern of a comb-like
configuration or a transparent conductive film pattern with
multiple opening portions like slits arranged in parallel. The
pixel electrode 12 is placed in a higher position than the
counter electrode 13. The counter electrode 13 is formed of
a transparent conductive film pattern of a flat plate configu-
ration and is placed in a lower position than the pixel
electrode 12.

A specific planar pattern configuration of the pixel elec-
trode 12 and that of the counter electrode 13 are not shown
in the drawings and will not be described. The pixel elec-
trode 12 and the counter electrode 13 may have respective
planar pattern configurations of a pixel electrode and a
counter electrode used in a liquid crystal panel adopting a
publicly-known FFS system.

An insulating film of the first preferred embodiment
including the insulating film 15 forming the array substrate
10 and the insulating film not shown in the drawings formed
between the pixel electrode 12 and the counter electrode 13
is formed of a single-layer transparent insulating film or a
stacked film with transparent insulating films stacked in
multiple layers.

As shown in outline in FIG. 1, the multiple gate lines 16
formed in the display region S2 are arranged parallel to each
other. Likewise, the multiple source lines 17 are arranged
parallel to each other in the display region S2. The gate lines
16 and the source lines 17 cross each other.

The pixel electrodes 12 and the TFTs 14 are arranged in
a matrix in a corresponding relationship with regions each
surrounded by the gate lines 16 and the source lines 17
crossing each other (hereinafter called a “pixel region” in
some cases). In the first preferred embodiment, one pixel
electrode 12 and one TFT 14 are provided in one pixel
region.

Common lines 131 through which a common potential is
to be supplied to the counter electrode 13 extend parallel to
the gate lines 16. The number of the common lines 13L is the
same as that of the gate lines 16. Each common line 13L is
connected to the counter electrode 13 in a corresponding
pixel region and standardizes each potential of the counter
electrode 13 in each pixel region at a common potential.

A signal terminal 18 is provided in the frame region S1
over the array substrate 10 and on a surface of the protrusion
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protruding from the end surface of the outer circumference
of the color filter substrate 20. This surface of the protrusion
belongs to a side where the color filter substrate 20 is
arranged. The signal terminal 18 receives a signal to be
supplied to the TFT 14 from outside and applies the received
signal to the TFT 14.

The signal terminal 18 is shown as an integrated configu-
ration in FIGS. 1 and 2. The signal terminal 18 is actually
configured as follows. Quadrilateral pads each having a
longitudinal side extending in a direction perpendicular to a
neighboring substrate end side are formed to be spaced from
each other so as to be responsive to multiple signals. A large
number of signal terminals 18 are arranged in the direction
of the short side of each pad.

Each pad of the signal terminal 18 is connected to a
control substrate 35 through a flexible flat cable (abbreviated
as FFC) 36 functioning as a connection line. The control
substrate 35 includes a control integrated circuit (IC) chip to
generate a control signal or the like to control a driver IC, for
example.

The control signal from the control substrate 35 is input
through the signal terminal 18 to an input side of a driver IC
chip 34 attached to the protrusion. An output signal to be
output from an output side of the driver IC chip 34 is
supplied to the TFTs 14 in the display region S2 through a
large number of signal leading lines pulled out from the
display region S2.

The color filter substrate 20 as the counter substrate
includes a counter substrate polarizing plate 32a provided in
a layer on the antistatic transparent conductive layer 31
provided on an external surface relative to the liquid crystal
layer 40.

The array substrate 10 includes an array substrate polar-
izing plate 326 and a biaxial phase difference film 32c¢
provided on a surface of the glass substrate 11 opposite a
side thereof facing the liquid crystal layer 40, specifically on
an external surface of the glass substrate 11. The biaxial
phase difference film 32c¢ is provided on the surface of the
glass substrate 11 opposite the side thereof facing the liquid
crystal layer 40, specifically on the external surface of the
glass substrate 11. The array substrate polarizing plate 325
is arranged external to the biaxial phase difference film 32¢
and stacked on the biaxial phase difference film 32¢. Spe-
cifically, the biaxial phase difference film 32¢ and the array
substrate polarizing plate 325 are stacked in this order on the
glass substrate 11.

The counter substrate polarizing plate 32a, the array
substrate polarizing plate 325, and the biaxial phase differ-
ence film 32c¢ are provided so as to cover at least the display
region S2 of the color filter substrate 20 and the array
substrate 10.

A particular optical design, a method of setting an optical
axis, and a manufacturing method about each of the counter
substrate polarizing plate 32a, the array substrate polarizing
plate 326, and the biaxial phase difference film 32¢ are
described later.

The antistatic transparent conductive film 31 formed on
the surface of the color filter substrate 20 is ground-con-
nected. As an example, in the first preferred embodiment, an
earth pad not shown in the drawings is provided to the
protrusion of the array substrate 10. The antistatic transpar-
ent conductive layer 31 and the earth pad are connected
through a conductive tape not shown in the drawings. This
connects the antistatic transparent conductive layer 31 to the
ground.

The antistatic transparent conductive layer 31 is mostly
covered with the counter substrate polarizing plate 32a. The
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antistatic transparent conductive layer 31 has an exposed
part not covered with the counter substrate polarizing plate
32a to be partially exposed at an end portion of the color
filter substrate 20. The conductive tape is connected to the
antistatic transparent conductive layer 31 by being attached
to the exposed part of the antistatic transparent conductive
layer 31.

The liquid crystal display device of the first preferred
embodiment includes the liquid crystal panel 1 of the
aforementioned structure, a backlight unit not shown in the
drawings, an optical sheet not shown in the drawings, and a
case not shown in the drawings. The backlight unit corre-
sponds to an illumination unit.

The backlight unit is arranged on a side opposite a display
surface formed in the display region S2 of the color filter
substrate 20 while the optical sheet is placed between the
liquid crystal panel 1 and the backlight unit. The backlight
unit faces the substrate surface of the array substrate 10 to
function as a light source. The optical sheet has the function
of adjusting light from the backlight unit (hereinafter called
“backlighting light” in some cases).

The case has a configuration with a portion through which
the display surface of the display region S2 is opened. The
liquid crystal display device includes the liquid crystal panel
1 and optical components including the aforementioned
backlight unit and optical sheet accommodated together in
the case.

The following describes a particular structure, more spe-
cifically an optical design and advantageous effects achieved
by the design relating to each of the counter substrate
polarizing plate 32a, the array substrate polarizing plate 325,
and the biaxial phase difference film 32¢. A prerequisite
technique is explained first.

FIG. 3 shows an example of arrangement of optical
components of a liquid crystal panel according to the
prerequisite technique. The optical components shown in
FIG. 3 include the counter substrate polarizing plate 324, the
array substrate polarizing plate 325, and the biaxial phase
difference film 32c.

The counter substrate polarizing plate 32a is arranged
such that an absorption axis 51 forms an angle of 0° relative
to the direction X, specifically such that the absorption axis
51 becomes parallel to the direction X1. The array substrate
polarizing plate 325 is arranged such that an absorption axis
54 forms an angle of 90° relative to the direction X,
specifically such that the absorption axis 54 becomes per-
pendicular to the direction X.

Backlighting light enters from a direction of an arrow 50
that is a direction perpendicular to the external surface of the
array substrate polarizing plate 32b. Specifically, the inci-
dent direction 50 of backlighting light is perpendicular to the
directions X and Y.

An alignment direction of a liquid crystal molecule 41
corresponds to a direction of an alignment axis 52 of the
liquid crystal molecule 41. In the first preferred embodi-
ment, the alignment direction of the liquid crystal molecule
41 is set at an angle of 0° relative to the direction X,
specifically set to be parallel to the direction X. A pretilt
angle 01 of the liquid crystal molecule 41 on the side of the
array substrate 10 is set such that the liquid crystal molecule
41 goes away from the array substrate 10 in the direction X1
at the 9 o’clock position. The pretilt angle 61 of the liquid
crystal molecule 41 on the side of the counter substrate 20
is set such that the liquid crystal molecule 41 goes away
from the counter substrate 20 in the direction X2 at the 3
o’clock position.
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The “alignment direction” mentioned herein is a direction
of alignment process such as rubbing performed on the
alignment films 22a and 22b. The “pretilt angle” mentioned
herein is an angle a long axis 42 of each liquid crystal
molecule 41 forms relative to a surface of the array substrate
10 or the counter substrate 20 facing the liquid crystal layer
40 if no voltage is applied to the liquid crystal layer 40.

In the liquid crystal panel having the pretilt angle set in
the aforementioned way, the biaxial phase difference film
32c¢ is used for enhancing viewing angle characteristics.
According to the prerequisite technique, the biaxial phase
difference film 32c¢ is arranged so as to achieve maximum
contrast if the liquid crystal panel is viewed from the front
while a viewing direction of the liquid crystal panel has no
particular directivity.

More specifically, as shown in FIG. 3, the biaxial phase
difference film 32c¢ is arranged such that a delay phase axis
53 of the biaxial phase difference film 32¢ extends in a
direction parallel to the alignment direction of the liquid
crystal molecule 41, specifically in a direction at an angle of
0° relative to the direction X in a plan view taken from a
direction perpendicular to a substrate surface of the liquid
crystal panel and opposite the incident direction 50 of
backlighting light.

In contrast, in the first preferred embodiment, the biaxial
phase difference film 32c¢ is arranged such that the delay
phase axis 53 of the biaxial phase difference film 32¢
extends in a direction that achieves maximum contrast if the
liquid crystal panel is viewed from a position shifted from
the front. More specifically, the biaxial phase difference film
32c is arranged as shown in FIGS. 4 and 5.

FIG. 4 is a plan view showing an example of the position
of the array substrate 10 and that of the liquid crystal
molecule 41 relative to each other in the first preferred
embodiment of the present invention. FIG. 5 shows an
example of arrangement of the optical components of the
liquid crystal panel 1 according to the first preferred embodi-
ment of the present invention.

In the first preferred embodiment, the counter electrode 13
as the slit electrode of the array substrate 10 is formed such
that the slit portion of the slit electrode extends in a direction
forming an angle exceeding 0° and not exceeding 15°
relative to the direction X corresponding to the horizontal
direction of the liquid crystal panel 1. More specifically, the
counter electrode 13 is arranged such that its slit portion
becomes vertically symmetric about the center of the pixel
electrode 12 as an axis of symmetry.

The liquid crystal molecule 41 is aligned in a direction
parallel to a direction 60 at an angle of 0° corresponding to
the horizontal direction of the liquid crystal panel 1. Like the
liquid crystal panel of the prerequisite technique, the liquid
crystal panel 1 of the first preferred embodiment is a liquid
crystal panel of an FFS mode adopting an optical compen-
sating method using the biaxial phase difference film 32c.

Thus, like in the aforementioned case described by refer-
ring to FIG. 3, the pretilt angle 61 of the liquid crystal
molecule 41 on the side of the array substrate 10 is set such
that the liquid crystal molecule 41 goes away from the array
substrate 10 in the direction X1 at the 9 o’clock position. The
pretilt angle 61 of the liquid crystal molecule 41 on the side
of the counter substrate 20 is set such that the liquid crystal
molecule 41 goes away from the counter substrate 20 in the
direction X2 at the 3 o’clock position.

In the liquid crystal panel 1 having the pretilt angle set in
the aforementioned way, according to the first preferred
embodiment, a certain shift angle 02 is set such that the
direction of the delay phase axis 53 of the biaxial phase
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difference film 32c¢ is shifted anticlockwise in an angular
range from over 0° to 1° from the direction X corresponding
to the direction of 0° as shown in FIG. 5. Specifically, the
direction of the delay phase axis 53 of the biaxial phase
difference film 32c¢ is arranged in a position rotated anti-
clockwise in the angular range from over 0° to 1° from the
direction X corresponding to the horizontal direction of the
liquid crystal panel 1 in use.

The “shift angle 62" mentioned herein is an angle of shift
of'the delay phase axis 53 of the biaxial phase difference film
32¢ from the direction X and showing an angle between the
delay phase axis 53 of the biaxial phase difference film 32¢
and the direction X.

The absorption axes 51 and 54 of the polarizing plates 32a
and 32b respectively are set in the same way as in the
aforementioned prerequisite technique described by refer-
ring to FIG. 3. More specifically, the absorption axis 51 of
the counter substrate polarizing plate 32q is arranged in a
direction of an angle of 0°, specifically in a direction parallel
to the direction X corresponding to the alignment direction
of the liquid crystal molecule 41 in a plan view. The
absorption axis 54 of the array substrate polarizing plate 325
is arranged in a direction of an angle of 90°, specifically in
a direction perpendicular to the direction X corresponding to
the alignment direction of the liquid crystal molecule 41 in
a plan view.

In the first preferred embodiment, the biaxial phase dif-
ference film 32¢ and the polarizing plates 32a and 324 are
arranged such that the respective end sides of the outer
shapes thereof as they are become parallel to respective end
surfaces of the glass substrates 11 and 21 forming the array
substrate 10 and the counter substrate 20 respectively. Spe-
cifically, in the first preferred embodiment, only the direc-
tion of the delay phase axis 53 of the biaxial phase difference
film 32c¢ is shifted from the respective end sides of the outer
shapes of the biaxial phase difference film 32¢ and the
polarizing plates 32a and 326b.

Thus, while the polarizing plates 32¢ and 326 and the
biaxial phase difference film 32¢ are bonded at respective
angles same as those in the prerequisite technique and the
respective end sides of the outer shapes of the biaxial phase
difference film 32¢ and the polarizing plates 32a and 325 are
parallel to the respective end surfaces of the glass substrates
11 and 21, the delay phase axis 53 of the biaxial phase
difference film 32¢ can be set at an angle tilted from the
direction X corresponding to the direction of the alignment
axis 52 of the liquid crystal molecule 41.

Unlike in the first preferred embodiment, if the pretilt
angle 01 is set in a way opposite to the way shown in FIG.
5, the orientation of the delay phase axis 53 of the biaxial
phase difference film 32c¢ is also set in a way opposite to the
way shown in FIG. 5. More specifically, in this case, the
pretilt angle 61 of the liquid crystal molecule 41 on the side
of the array substrate 10 is set such that the liquid crystal
molecule 41 goes away from the array substrate 10 in the
direction X2 at the 3 o’clock position. The pretilt angle 61
of the liquid crystal molecule 41 on the side of the counter
substrate 20 is set such that the liquid crystal molecule 41
goes away from the counter substrate 20 in the direction X1
at the 9 o’clock position.

In a liquid crystal panel having this pretilt angle, the
certain shift angle 02 is set in a way opposite to the way
shown in FIG. 5 such that the direction of the delay phase
axis 53 of the biaxial phase difference film 32¢ is shifted
clockwise in an angular range from over 0° to 1° from the
direction X corresponding to the direction of 0°. Specifi-
cally, the direction of the delay phase axis 53 of the biaxial
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phase difference film 32c¢ is arranged in a position rotated
clockwise in the angular range from over 0° to 1° from the
direction X.

According to the aforementioned optical design of the
prerequisite technique such as that shown in FIG. 3, contrast
becomes highest when the liquid crystal panel is viewed
from the front, specifically viewed in a direction perpen-
dicular to the front of the liquid crystal panel or to the
display surface of the liquid crystal panel and a direction
near the perpendicular direction. Contrast obtained in the
direction Y including the upward and downward directions
becomes symmetric relative to a center line.

In contrast, according to the first preferred embodiment,
the certain shift angle 02 is set such that the direction of the
delay phase axis 53 of the biaxial phase difference film 32¢
is shifted anticlockwise in an angular range from over 0° to
1° from the direction X corresponding to the direction of 0°
as shown in FIG. 5. This optical design allows the liquid
crystal panel 1 to achieve the highest contrast when the
liquid crystal panel 1 is viewed from above relative to the
display surface, specifically viewed in the direction Y1.

FIG. 6 explains a polar angle 03. FIG. 7 is a graph
showing a relationship between the angle 62 of the delay
phase axis 53 of the biaxial phase difference film 32c¢ to the
direction X and a contrast value determined in a direction of
the polar angle 03 at an azimuth of 90°. The horizontal axis
of FIG. 7 shows the angle 62(°) between the delay phase axis
53 and the direction X. The vertical axis of FIG. 7 shows
contrast (relative value). FIG. 7 shows a result of calculation
of a contrast value at a corresponding polar angle 63
obtained by changing the angle 62 between the delay phase
axis 53 of the biaxial phase difference film 32¢ and the
direction X. The contrast value was calculated using a
simulator “LCD master” available from SHINTECH, Inc.

The polar angle 63 mentioned herein is an angle between
a direction 61 perpendicular to the directions Y1 and Y2
corresponding to the upward and downward directions rela-
tive to the display surface of the liquid crystal panel 1,
specifically the direction 61 perpendicular to the display
surface of the liquid crystal panel 1 and a viewing direction
62. The azimuth mentioned herein is an angle relative to the
direction X parallel to the display surface of the liquid
crystal panel 1 and perpendicular to the directions Y1 and
Y2. The direction X is perpendicular to the plane of the sheet
of FIG. 6. Thus, a direction at the azimuth of 90° becomes
parallel to the plane of the sheet of FIG. 6, specifically
parallel to the directions Y1 and Y2.

FIG. 7 shows a calculation result indicated by a reference
sign “70” obtained with the polar angle 683 of 0°, specifically
obtained when the liquid crystal panel 1 is viewed from the
front. FIG. 7 further shows a calculation result indicated by
a reference sign “71” obtained with the polar angle 63 of
10°, a calculation result indicated by a reference sign “72”
obtained with the polar angle 63 of 20°, and a calculation
result indicated by a reference sign “73” obtained with the
polar angle 63 of 30°.

Advantageous effects achieved by the structure of the first
preferred embodiment are described by referring to FIG. 7.
The calculation results given in FIG. 7 show that setting the
shift angle 02 of the delay phase axis 53 of the biaxial phase
difference film 32¢ in an angular range from over 0° to 1° as
in the first preferred embodiment makes it possible to finely
adjust and optimize viewing angle characteristics so as to
achieve maximum contrast in a range of the polar angle 63
from over 0° to 30° optimum for a liquid crystal display
device to be installed on a vehicle.
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The biaxial phase difference film 32¢ is biaxially stretched
to generate a phase difference during a step of manufacturing
the same. During the step, a bowing phenomenon may occur
to cause a deviation of about £1.0° from an intended angle
in the delay phase axis 53 of the biaxial phase difference film
32¢. The “bowing phenomenon” mentioned herein is a
phenomenon where a film being manufactured by biaxial
stretching process is deformed faster or slower in a central
portion of the width direction of the film than in an end
portion of the width direction.

According to the aforementioned optical design of the
prerequisite technique shown in FIG. 3, if the delay phase
axis 53 of the biaxial phase difference film 32¢ is shifted
toward a negative side, the polar angle 63 becomes negative,
specifically contrast becomes maximum when a liquid crys-
tal panel is viewed from below. This degrades the visibility
of'a liquid crystal display device to be installed on a vehicle.

In contrast, in the first preferred embodiment, the delay
phase axis 53 of the biaxial phase difference film 32¢ is
placed on a positive side in advance as shown in FIG. §
referred to previously. This can prevent the shift angle 62 of
the delay phase axis 53 from becoming a negative angle,
even if the delay phase axis 53 of the biaxial phase differ-
ence film 32c¢ is shifted toward a negative side due to
manufacturing variations. This can prevent a situation where
contrast becomes maximum when the liquid crystal panel 1
is viewed from below.

Second Preferred Embodiment

FIG. 8 shows an example of arrangement of optical
components of a liquid crystal panel according to a second
preferred embodiment of the present invention. The liquid
crystal panel of the second preferred embodiment is similar
to that of the first preferred embodiment. A structure same as
that of the first preferred embodiment is identified by the
same reference sign and description common to these struc-
tures will not be given repeatedly. In the second preferred
embodiment, the direction of the slit portion of the slit
electrode, the alignment direction of the liquid crystal mol-
ecule 41, the directions of the absorption axes 51 and 54 of
the polarizing plates 32a and 32 respectively, and the
direction of the delay phase axis 53 of the biaxial phase
difference film 32c¢ are the same as those of the first preferred
embodiment. Like in the first preferred embodiment, a slit
electrode of the second preferred embodiment is the counter
electrode 13.

Like in the first preferred embodiment, the counter elec-
trode 13 as the slit electrode of the array substrate 10 is
formed so as to form an angle exceeding 0° and not
exceeding 15° relative to the horizontal direction of the
liquid crystal panel, specifically to the direction X including
the directions to the right and to the left relative to the
display surface of the liquid crystal panel as shown in FIG.
4 referred to previously. The liquid crystal molecule 41 is
aligned in a direction parallel to the direction X correspond-
ing to the horizontal direction of the liquid crystal panel.

Like in the first preferred embodiment, the liquid crystal
panel of the second preferred embodiment is a liquid crystal
panel of an FFS mode adopting an optical compensating
method using the biaxial phase difference film 32c¢. Further,
as shown in FIG. 3 referred to previously, the pretilt angle
01 is set such that the liquid crystal molecule 41 goes away
from the array substrate 10 in the direction X1 at the 9
o’clock position.

In the liquid crystal panel having the aforementioned
pretilt angle, a certain shift angle 64 is set such that the
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alignment axis (hereinafter called a “liquid crystal alignment
axis” in some cases) 52 of the liquid crystal molecule 41 is
shifted clockwise in an angular range from over 0° to 1°
from the direction X corresponding to the direction of 0° as
shown in FIG. 8. If the pretilt angle 01 rises in the opposite
direction (hereinafter called a “pretilt direction” in some
cases), the certain shift angle 64 is set such that the align-
ment axis 52 is shifted anticlockwise in an angular range
from over 0° to 1° from the direction of 0°.

Alignment process such as rubbing is performed on an
alignment film during manufacture while allowing for some
variations of less than 1° for the liquid crystal alignment axis
52 to occur during the process. Thus, “setting the certain
shift angle” mentioned herein means setting a median of
design values. More specifically, an average is managed and
set so as to fall within the aforementioned range of the
certain shift angle in consideration of the variations to occur
during the process.

Like that of the first preferred embodiment, the optical
design of the second preferred embodiment such as that
shown in FIG. 8 allows the liquid crystal panel to achieve the
highest contrast when the liquid crystal panel is viewed from
above as in the first preferred embodiment.

FIG. 9 is a graph showing a relationship between the
angle 64 of the alignment axis 52 of the liquid crystal
molecule 41 to the direction X and a contrast value deter-
mined in a direction of the polar angle 63 at the azimuth of
90°. The horizontal axis of FIG. 9 shows the shift angle 64(°)
corresponding to the angle between the alignment axis 52 of
the liquid crystal molecule 41 and the direction X. The
vertical axis of FIG. 9 shows contrast (relative value). FIG.
9 shows a result of calculation of a contrast value at a
corresponding polar angle 83 obtained by changing the
angle between the alignment axis 52 of the liquid crystal
molecule 41 and the direction X. Like in the case of FIG. 7
referred to previously, the contrast value was calculated
using a simulator “LLCD master” available from SHIN-
TECH, Inc.

FIG. 9 shows a calculation result indicated by a reference
sign “80” obtained with the polar angle 683 of 0°, specifically
obtained when the liquid crystal panel 1 is viewed from the
front. FIG. 9 further shows a calculation result indicated by
a reference sign “81” obtained with the polar angle 63 of
10°, a calculation result indicated by a reference sign “82”
obtained with the polar angle 63 of 20°, and a calculation
result indicated by a reference sign “83” obtained with the
polar angle 63 of 30°.

The calculation results given in FIG. 9 show that by
setting the shift angle 64 of the alignment axis 52 of the
liquid crystal molecule 41 to be from 0° to —1° as viewed in
the clockwise direction, specifically to be —-1° or more and
less than 0° as viewed in the anticlockwise direction as a
positive direction as in the second preferred embodiment,
viewing angle characteristics can be finely adjusted and
optimized so as to achieve maximum contrast in a range of
the polar angle 63 from over 0° to 30° optimum for a liquid
crystal display device to be installed on a vehicle.

Third Preferred Embodiment

FIG. 10 shows an example of arrangement of optical
components of a liquid crystal panel according to a third
preferred embodiment of the present invention. The liquid
crystal panel of the third preferred embodiment is similar to
those of the first and second preferred embodiments. A
structure same as that of the first and second preferred
embodiments is identified by the same reference sign and

20

35

40

45

50

55

60

18

description common to these structures will not be given
repeatedly. In the third preferred embodiment, a direction of
the slit portion of the slit electrode, the alignment direction
of the liquid crystal molecule 41, the direction of the
absorption axis 54 of the array substrate polarizing plate
32b, and the direction of the delay phase axis 53 of the
biaxial phase difference film 32¢ are the same as those of the
first and second preferred embodiments. Like in the first
preferred embodiment, a slit electrode of the third preferred
embodiment is the counter electrode 13.

Like in the first preferred embodiment, the counter elec-
trode 13 as the slit electrode of the array substrate 10 is
formed so as to form an angle exceeding 0° and not
exceeding 15° relative to the horizontal direction of the
liquid crystal panel, specifically to the direction X including
the directions to the right and to the left relative to the
display surface of the liquid crystal panel as shown in FIG.
4 referred to previously. The liquid crystal molecule 41 is
aligned in a direction parallel to the direction X correspond-
ing to the horizontal direction of the liquid crystal panel.

Like in the first preferred embodiment, the liquid crystal
panel of the third preferred embodiment is a liquid crystal
panel of an FFS mode adopting an optical compensating
method using the biaxial phase difference film 32c¢. Further,
as shown in FIG. 3 referred to previously, the pretilt angle
01 is set such that the liquid crystal molecule 41 goes away
from the array substrate 10 in the direction X1 at the 9
o’clock position.

In the liquid crystal panel having the aforementioned
pretilt angle, a certain shift angle 65 is set such that the
absorption axis 51 of the counter substrate polarizing plate
32a is shifted anticlockwise in an angular range from over
0° to 1° from the direction X corresponding to the direction
of 0° as shown in FIG. 10. If the pretilt direction is the
opposite direction, the certain shift angle 65 is set such that
the absorption axis 51 of the counter substrate polarizing
plate 324 is shifted clockwise in an angular range from over
0° to 1° from the direction X corresponding to the direction
of 0°.

In the third preferred embodiment, an end side of the outer
shape of the counter substrate polarizing plate 324 is set such
that this end side as it is becomes parallel to an end surface
of the glass substrate 21 while only the absorption axis 51 of
the counter substrate polarizing plate 324 is shifted from the
end side of the outer shape of the counter substrate polar-
izing plate 32a. As a result, while the counter substrate
polarizing plate 32a is bonded at an angle that makes the end
side of the outer shape of the counter substrate polarizing
plate 324 parallel to the end surface of the glass substrate 21
as in the prerequisite technique, the direction of the absorp-
tion axis 51 of the counter substrate polarizing plate 32a can
be set at an angle tilted from the alignment direction of the
liquid crystal molecule 41.

Like those of the first and second preferred embodiments,
the optical design of the third preferred embodiment such as
that shown in FIG. 10 allows the liquid crystal panel to
achieve the highest contrast when the liquid crystal panel is
viewed from above.

FIG. 11 is a graph showing a relationship between the
angle 65 of the absorption axis 51 of the counter substrate
polarizing plate 32a to the direction X and a contrast value
determined in a direction of the polar angle 03 at the azimuth
0t 90°. The horizontal axis of FIG. 11 shows the shift angle
05(°) corresponding to the angle between the absorption axis
51 of the counter substrate polarizing plate 32a and the
direction X. The vertical axis of FIG. 11 shows contrast
(relative value). FIG. 11 shows a result of calculation of a
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contrast value at a corresponding polar angle 63 obtained by
changing the angle between the absorption axis 51 of the
counter substrate polarizing plate 32a and the direction X.
Like in the cases of FIGS. 7 and 9 referred to previously, the
contrast value was calculated using a simulator “LCD mas-
ter” available from SHINTECH, Inc.

FIG. 11 shows a calculation result indicated by a reference
sign “90” obtained with the polar angle 683 of 0°, specifically
obtained when the liquid crystal panel 1 is viewed from the
front. FIG. 11 further shows a calculation result indicated by
a reference sign “91” obtained with the polar angle 63 of
10°, a calculation result indicated by a reference sign “92”
obtained with the polar angle 63 of 20°, and a calculation
result indicated by a reference sign “93” obtained with the
polar angle 63 of 30°.

The calculation results given in FIG. 11 show that setting
the shift angle 65 of the absorption axis 51 of the counter
substrate polarizing plate 32a in an angular range from over
0° to 1° as viewed in the anticlockwise direction as in the
third preferred embodiment makes it possible to finely adjust
and optimize viewing angle characteristics so as to achieve
maximum contrast in a range of the polar angle 63 from over
0° to 30° optimum for a liquid crystal display device to be
installed on a vehicle.

During manufacture of a liquid crystal display device
including a polarizing plate or a biaxial phase difference film
having an optical axis (delay phase axis or absorption axis)
at a shifted angle of the first and third preferred embodi-
ments, a liquid crystal panel having an optical axis set at a
certain angle shifted from a liquid crystal cell can be
obtained with better reproducibility as follows in consider-
ation of variations in the angle of the optical axis to be
caused during manufacture of the polarizing plate and the
biaxial phase difference film.

More specifically, an end side of the outer shape of the
biaxial phase difference film 32c¢ like a quadrilateral sheet is
given the aforementioned certain shift angle and the direc-
tion of the optical axis of the first preferred embodiment. In
a step of bonding the polarizing plate and the biaxial phase
difference film to the liquid crystal cell to form the liquid
crystal panel, the polarizing plate and the biaxial phase
difference film like quadrilateral sheets are aligned and
bonded such that respective end sides of the outer shapes of
the polarizing plate and the biaxial phase difference film
become parallel as accurately as possible to an end side of
the outer shape of a quadrilateral substrate of the liquid
crystal cell. This can easily place the optical axis at a certain
angle shifted from the liquid crystal cell.

The following describes an example of a particular
method of preparing the polarizing plate and the biaxial
phase difference film like quadrilateral sheets each having an
optical axis given a certain shift angle and a direction,
specifically an optical axis shifted in advance from the end
side of the outer shape of a corresponding one of the
polarizing plate and the biaxial phase difference film. In a
step of cutting the respective outer shapes of the polarizing
plate and the biaxial phase difference film, the polarizing
plate and the biaxial phase difference film are each arranged
at an angle satisfying a particular optical condition while
optical measurement is made with a reference optical sheet
having an optical axis in an accurately specified direction.
As a result, the direction of the optical axis of each of the
polarizing plate and the biaxial phase difference film before
the cutting is specified accurately. Then, each the polarizing
plate and the biaxial phase difference film member is cut
such that the end side thereof is placed at the certain angle
shifted from the specified direction of its optical axis. As a
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result, the polarizing plate and the biaxial phase difference
film member each having an intended shift angle can be
manufactured.

It is preferable that an alignment mark be formed on a
protection sheet for the polarizing plate, for example. Like
in the aforementioned cutting of the polarizing plate, when
the alignment mark is to be formed, the direction of the
optical axis of each of the polarizing plate and the biaxial
phase difference film material is specified accurately. Then,
the alignment mark is arranged in a position opposite to the
specified direction of the optical axis in terms of a certain
shift angle and a direction.

Like in the case where the end side of the outer shape of
each of the polarizing plate and the biaxial phase difference
film is used as a reference, the polarizing plate and the
biaxial phase difference film may be aligned and bonded
using the shifted alignment mark as a reference such that the
respective end sides of the outer shapes of the polarizing
plate and the biaxial phase difference film become parallel as
accurately as possible to the end side of the outer shape of
the quadrilateral substrate of the liquid crystal cell.

The preferred embodiments of the present invention can
be combined freely within the scope of the invention.
Further, any component of each of the preferred embodi-
ments can be changed or omitted, where appropriate.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A liquid crystal panel comprising an array substrate, a
counter substrate arranged to face said array substrate, and
a liquid crystal layer interposed between said array substrate
and said counter substrate, said array substrate including
multiple switching elements arranged in a matrix, a pixel
electrode connected to said switching elements, and a coun-
ter electrode capable of forming a fringe electric field
between said counter electrode and said pixel electrode, said
switching elements, said pixel electrode, and said counter
electrode being provided on an insulating substrate, wherein

one of said pixel electrode and said counter electrode is
formed as a slit electrode having a slit portion and the
other of said pixel electrode and said counter electrode
is stacked over said slit electrode at said insulating
substrate side with respect to said slit electrode with an
insulating film interposed therebetween,

said array substrate includes a biaxial phase difference
film and an array substrate polarizing plate arranged in
this order on a surface of said insulating substrate
opposite a side thereof facing said liquid crystal layer,

said counter substrate includes a counter substrate polar-
izing plate arranged on a side of said counter substrate
opposite a side thereof facing said liquid crystal layer,

said slit portion of said slit electrode extends in a direction
forming an angle exceeding 0° and not exceeding 15°
relative to a horizontal direction of said liquid crystal
panel in use,

a pretilt angle of a liquid crystal molecule forming said
liquid crystal layer on the side of said array substrate is
formed such that said liquid crystal molecule goes
away from said array substrate in a direction to the right
when viewed from a position facing a display surface
of said liquid crystal panel, said direction to the right
defining said horizontal direction, and said pretilt angle
on the side of said counter substrate is formed such that
said liquid crystal molecule goes away from said coun-
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ter substrate in a direction to the left when viewed from
a position facing said display surface of said liquid
crystal panel, said direction to the left defining said
horizontal direction, and

one of a direction of a delay phase axis of said biaxial 5
phase difference film and a direction of an absorption
axis of said array substrate polarizing plate is arranged
in a position rotated clockwise in an angular range from
over 0° to 1° from said horizontal direction or one of a
direction of an absorption axis of said counter substrate 10
polarizing plate and an alignment direction of said
liquid crystal molecule is arranged in a position rotated
anticlockwise in an angular range from over 0° to 1°
from said horizontal direction.

2. The liquid crystal panel according to claim 1, wherein 15

said insulating substrate, said biaxial phase difference
film, said array substrate polarizing plate, and said
counter substrate polarizing plate are each formed into
a quadrilateral configuration, and

each of said biaxial phase difference film, said array 20
substrate polarizing plate, and said counter substrate
polarizing plate has at least one end side of an outer
shape thereof arranged parallel to at least one end side
of an outer shape of said insulating substrate.

3. A liquid crystal display device comprising: 25

the liquid crystal panel as recited in claim 1; and

an illumination unit to illuminate said liquid crystal panel.
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